obJeCtive This study aimed to estimate the risk of spinal cord injury (SCI) in patients with cervical spondylotic myelopathy (CSM) with and without ossification of posterior longitudinal ligament (OPLL). Also, the study compared the incidence rates of SCI in patients who were managed surgically and conservatively. MethoDs This retrospective cohort study covering 15 years analyzed the incidence of SCI in patients with CSM. All patients, identified from the National Health Insurance Research Database, were hospitalized with the diagnosis of CSM and followed up during the study period. These patients with CSM were categorized into 4 groups according to whether they had OPLL or not and whether they received surgery or not: 1) surgically managed CSM without OPLL; 2) conservatively managed CSM without OPLL; 3) surgically managed CSM with OPLL; and 4) conservatively managed CSM with OPLL. The incidence rates of subsequent SCI in each group during follow-up were then compared. Kaplan-Meier and Cox regression analyses were performed to compare the risk of SCI between the groups. resUlts Between January 1, 1999, and December 31, 2013, there were 17,258 patients with CSM who were followed up for 89,003.78 person-years. The overall incidence of SCI in these patients with CSM was 2.022 per 1000 personyears. Patients who had CSM with OPLL and were conservatively managed had the highest incidence of SCI, at 4.11 per 1000 person-years. Patients who had CSM with OPLL and were surgically managed had a lower incidence of SCI, at 3.69 per 1000 person-years. Patients who had CSM without OPLL and were conservatively managed had an even lower incidence of SCI, at 2.41 per 1000 person-years. Patients who had CSM without OPLL and were surgically managed had the lowest incidence of SCI, at 1.31 per 1000 person-years. The Cox regression model demonstrated that SCIs are significantly more likely to happen in male patients and in those with OPLL (HR 2.00 and 2.24, p < 0.001 and p = 0.007, respectively). Surgery could significantly lower the risk for approximately 50% of patients (HR 0.52, p < 0.001). CoNClUsioNs Patients with CSM had an overall incidence rate of SCI at approximately 0.2% per year. Male sex, the coexistence of OPLL, and conservative management are twice as likely to be associated with subsequent SCI. Surgery is therefore suggested for male patients with CSM who also have OPLL. 
C erviCal spondylotic myelopathy (CSM) causes spinal cord dysfunction of various degrees and can be associated with multiple pathologies such as degenerative disc disease, hypertrophy of ligamentum flavum, or ossification of posterior longitudinal ligament (OPLL). The risk factors, optimal management, and prognosis of CSM remain uncertain and are an issue of debate in neurosurgery. 20 Due to the predisposing factor of cervical spinal stenosis, it seems reasonable to consider patients with CSM as a high-risk group for subsequent spinal cord injury (SCI). Therefore, some surgeons would suggest early surgery for patients with CSM to ameliorate the risk of SCI. 2, 9, 19, 21, 22, 24, 27, 33 However, there are insufficient data to correlate CSM with SCI, and whether the risk of SCI can be altered by surgical intervention remains elusive.
Management of OPLL-related CSM remains challenging in neurosurgery, because surgery for OPLL is often difficult and may be accompanied by some serious complications. Strategies to manage CSM in patients with OPLL are thus varied, and the timing of intervention is quite debatable, especially when the symptoms are mild. Theoretically, CSM with OPLL is more problematic than the CSM without OPLL, because OPLL may cause more mass effect, more static compression, and more neurological symptoms. However, it is still not clear whether the incidence of SCI would be higher if the patients who have CSM with OPLL are managed conservatively without surgery. This issue is difficult to address because both OPLL and SCI are rare. To investigate the risk of SCI in patients with CSM and OPLL, a large cohort study with a longitudinal follow-up period longer than a decade is necessary.
There are more reports of OPLL in East Asian countries, for example Japan and Taiwan, than in those with predominantly Caucasian ethnicities. 33 Therefore, the above-mentioned question regarding SCI in patients with CSM and OPLL would be best answered by a cohort study using Taiwan's National Health Insurance Research Database (NHIRD). The current study aimed to analyze the incidence of subsequent SCI in patients with CSM. The differences in risk of SCI were compared between patients with CSM not only with and without OPLL, but also with and without surgery. The NHIRD, a national database containing more than 23 million administered insured Taiwanese residents accumulated between January 1, 1999, and December 31, 2013, covers more than 99% of the population. This unique government-operated insurance system finances health care for the entire population by offering unrestricted access to any health care provider of the patient's choice. The universal and comprehensive coverage of the NHIRD provided us with a unique chance for such an analysis of SCI in patients with CSM.
Methods the NhirD
This study used the NHIRD, provided by the National Health Research Institutes (NHRI) of Taiwan. The database includes all claims data (mainly for financial purposes) from Taiwan's National Health Insurance program, a government-operated health care socio-welfare program covering basically the entire population of Taiwan. This study was approved by the institutional review board of Taipei Veterans General Hospital, Taiwan. Furthermore, it was impossible to trace back to each individual's data because the NHIRD is composed of deidentified secondary data released for research purposes.
Identification of CSM and OPLL
The patients with CSM in the current study were defined as adult patients (age 40-80 years) who had been hospitalized for CSM during the study period. In the NHIRD, the diagnosis of every admission is recorded by the International Classification of Diseases, 9th Revision (ICD-9). All hospitalized patients discharged with the diagnostic code for CSM (721.1) were identified from the cohort during 1999 to 2013. Also, those with OPLL of the cervical region (723.7) were identified using a similar method for subsequent analysis. The date of the incidence of CSM (index date) was designated as the first date of each patient's specific hospitalization. The incidence of hospitalization for CSM was identified as including patients who were followed up for more than 2 years and newly hospitalized with the above-mentioned discharge code for CSM between January 1, 1999, and December 31, 2013. The incidence rates in the study were estimated by the incidence density. Patients were thus divided into 2 groups: CSM with OPLL and CSM without OPLL.
surgical versus Conservative Management
All the patients with CSM, including those with and without OPLL, were then divided by whether they received surgical treatment or not. Surgery for CSM was determined based on any occurrence of hospitalization with procedure codes for spinal decompression (03.02, 03.4X, 80.99, 80.51) or spinal fusion (ICD-9 procedure codes 81.02-3, 84.61-2) within the next 12 months following the indexed date. These procedure codes included basically all surgical management of CSM, including both anterior and posterior approaches (e.g., cervical discectomy, corpectomy, laminectomy, laminoplasty, and anterior or posterior spinal fusion operations with or without instrumentation). Theoretically, most of the surgical approaches for CSM caused by OPLL were also included (e.g., anterior, posterior, and combined anterior and posterior approaches). The surgical group was composed of patients who underwent any one of the above-mentioned surgery methods after the index date. The conservatively managed group was composed of patients who had no record of the above-mentioned surgical procedures (i.e., did not receive any of the operations).
Subsequently, all of the identified patients with CSM were divided into 4 groups according to whether they had OPLL, and whether they were treated with surgery ( Fig.  1) . The groups were classified as follows: patients with 1) surgically managed CSM without OPLL; 2) conservatively managed CSM without OPLL; 3) surgically managed CSM with OPLL; or 4) conservatively managed CSM with OPLL.
Identification of SCI
Cervical SCI was considered the end point of the study, the most clinically relevant final outcome of CSM. Hospitalization for cervical SCI was defined based on the date of hospitalization for SCI of the cervical region, which had medical records of a discharge diagnostic code for cervical SCI (ICD-9 codes 952.0X, 806.0-1) after the indexed date.
Prior admission for cervical SCI was determined based on hospitalization records with corresponding discharge diagnostic codes (ICD-9 codes 952.0X, 806.0-1) before the index date. After exclusion of all prior cervical SCI, all patients with CSM were followed up for subsequent occurrences of SCI, death, or for up to 10 years, until the end of 2013.
Ascertainment of Covariates
Adjustment was made by calculation of comorbidities, including hypertension (401-5.X), diabetes mellitus (250.X), osteoporosis (733.0X), and osteoarthrosis (ICD-9 code 715.X), which were all designated as covariates in the current study. Ascertainment of these covariates was also determined by the presence of either ICD-9 diagnostic codes in outpatient records or discharge codes in hospitalization records 6 months before the index date to the date of outcome event or the end of follow-up. To further adjust baseline differences between the groups, logistic regression analysis included all covariates.
Cervical SCI was considered to be the outcome of CSM, the end point of the current study. Thus, the incidence rates of subsequent SCI in the 4 groups were compared.
statistical Analysis
All of the data were calculated using the Stata software (StataCorp) for descriptive statistics and contingency tables. The incidence density method was used to estimate the incidence rates for CSM. The Kaplan-Meier method and log-rank test were used to estimate and compare the incidence rates of hospitalizations for SCI. The Cox proportional hazard model with propensity scores was used to compare the incidence rates of subsequent SCI between the groups after adjustment for the aforementioned covariates. A probability value of 0.05 was considered statistically significant.
results

Incidence Rates of SCI in Patients Who Had CSM With and without oPll
A total of 17,258 patients were hospitalized for CSM and followed for up to 10 years during the period from 1999 to 2013. For the total follow-up of 89,003.78 personyears, there were 714 patients with CSM with OPLL, and 16,544 patients with CSM without OPLL. There were more male than female patients with CSM, regardless of whether or not they received surgical treatment (Fig. 1 , Table 1 ).
A total of 180 patients had subsequent SCI. The overall incidence rate of SCI in patients with CSM, including those with and without OPLL, was 2.022 (95% CI 1.748-2.341) per 1000 person-years ( Table 2 ). The incidence of SCI was significantly different in patients with and without OPLL, managed surgically and conservatively, respec- tively. The incidence rates of SCI during the follow-up were significantly different in each of the 4 groups. The conservatively managed CSM with OPLL group had the highest incidence rate at 4.11 per 1000 person-years. The surgically managed CSM with OPLL group had the second highest rate of SCI, at 3.69 per 1000 person-years. Then the conservatively managed CSM without OPLL had a lower incidence rate of SCI, at 2.41 per 1000 personyears. Last, the surgically managed CSM without OPLL had the lowest rate of SCI, at 1.31 per 1000 person-years.
Patients who had CSM with OPLL and who received conservative management were at higher risk of SCI than those who had CSM with OPLL and who were managed by surgery (HR 2.89 and 2.68, respectively). They were also at higher risk than those with CSM without OPLL who received conservative management (HR 2.06, p < 0.05 for all 3 groups), and those with CSM without OPLL who were managed by surgery (reference group). The OPLL significantly worsened the prognosis of CSM and the surgical management significantly reduced the risk of subsequent SCI.
Adjusted Hazard Ratios for SCI in Patients Who Had CSM with and without oPll
Of the total of 17,258 patients who were hospitalized for CSM and followed up in this 15-year cohort, there were 180 patients who subsequently suffered from SCI. By analysis of the covariates, sex, age, and OPLL were identified as significant risk factors for SCI in these patients with CSM (Table 3) .
Male patients with CSM and those with OPLL had a higher risk of subsequent SCI (HR 2.00 and 2.24, p < 0.001 and p = 0.007, respectively). Those patients with CSM who received surgery were less likely to have subsequent SCI (HR 0.52, p < 0.001). Other covariates analyzed, including age, hypertension, diabetes, osteoporosis, and osteoarthrosis, had no effect on the risk of SCI.
A Kaplan-Meier analysis of this cohort of patients with CSM demonstrated that patients who had CSM with OPLL and who were managed conservatively had the highest incidence of SCI compared with those who had CSM with OPLL and who were managed with surgery. Patients who had CSM with OPLL and who were managed conservatively were also at higher risk than those who had CSM without OPLL and who were managed conservatively, and those who had CSM without OPLL and who were managed with surgery (p < 0.001, log-rank test) (Fig. 2) .
The Cox proportional hazard model with adjustment for the aforementioned covariates demonstrated that female patients with CSM who had surgery but no OPLL were least likely to suffer from subsequent SCI (Fig. 3) .
Discussion
To date, this was the largest cohort of patients with CSM (consisting of 17,258 subjects) with the longest follow-up The study also demonstrated that male sex was a risk factor for SCI (HR 2.00, p < 0.001), which corroborated most other studies of SCI. 6, [30] [31] [32] [33] The present study has the merit of using the national cohort in an area of higher prevalence of both SCI and OPLL to demonstrate risk factors of SCI in patients with CSM. The study provides a reference guide for future management of CSM.
The natural history of CSM is mixed and variable, with pathobiological mechanisms mainly unknown. In a systematic review on the natural course of CSM, Karadimas et al. reported that 20%-62% of patients will deteriorate neurologically at 3-6 years without surgical intervention. 15 Their review underscores the uncertainty of widely varied clinical presentation of CSM and the clinical dilemma that roughly half of patients may live with CSM without surgical treatment. The choice of optimal treatments and the timing of any intervention remain controversial and reflect a lack of reliable clinical and radiographical factors to predict patients who will experience deterioration. The different assessment tools also contribute to this large fluctuation of natural course. In a systematic review on the validity, reliability, and responsiveness of assessment tools for patients with CSM, Singh et al. proposed the combined use of functional measures such as the Myelopathy Disability Index, modified Japanese Orthopaedic Association (mJOA), and Nurick grade, with more sensitive and qualitative assessment including a variety of walking tests or the grip and release test to better define the optimal treatment and the prognostic value of certain characteristics. 29 The clinical results of conservative and surgical management of CSM reported in the literature are conflicting.
In a small randomized trial performed in 68 patients with a milder degree of CSM in whom nonoperative surgical treatment was compared with surgery during a 10-year follow-up period, Kadanka et al. reported no difference in mJOA scores between nonoperative (n = 35) and surgical groups (n = 33) at 10 years. 13, 14 Another prospective cohort study (n = 62) by Sampath et al. reported the outcomes of nonoperative and surgical treatment of CSM and concluded that surgically treated patients had a significant improvement in functional status and overall pain. 28 However, the authors did not directly compare the 2 groups. Yoshimatsu et al. retrospectively compared 32 surgically treated and 69 nonoperatively managed patients with CSM and found improvement in the mJOA score in 78% of surgically treated patients and 23% of nonoperatively managed patients. 34 In the nonoperative care group, they also found that rigorous nonoperative care had better improvement outcomes (38%) than nonrigorous nonoperative care (6%). These results led to a clinical recommendation of not routinely prescribing nonoperative treatment as the primary modality in patients with moderate to severe CSM, and suggesting careful observation of neurological 
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Cervical spondylotic myelopathy has been recognized as a major disease that constitutes a significant cause of disability in adult populations. 4, 5, 8 However, the optimal treatment strategy for CSM remains a clinical challenge in which multiple areas of controversy exist. Although the supporters of conservative treatment may assert the fact that the failure rate for surgical treatment may account for 15%-30% of the cases, 26 surgical decompression and stabilization of the spine is nonetheless advocated for patients with progressive or severe symptoms of CSM. 1, 7, 8, 26 In a previous large data study conducted by Wu et al., cervical SCI was found to be more likely to happen in patients with OPLL, with an estimated 32.16-fold higher risk than in the age-and sex-matched group. 31 That being said, conservative treatment for patients with established OPLL should be conducted with great caution. The result of the aforementioned study was supported by other previous publications that specifically tried to identify the risk factors contributing to SCI in patients with OPLL. To date, some of the identified risk factors included older age, mixed or segmental types of OPLL, preoperative neurological status, severe cord compression ratio, increased signal intensity on MR images, and so on. 10, [16] [17] [18] 23 Although there remains a great controversy about the proper surgical strategy for treating patients with OPLL (e.g., anterior vs posterior), 11, 12, 16 it is generally agreed that surgical intervention should be provided for patients with severe presentations of OPLL as indicated radiographically or clinically, and that the strategy should be tailored to the individual. 3, 5, 10, [16] [17] [18] 26, 31 There are limitations to the present study. There was inherent heterogeneity of these patients with CSM, including their neurological function, techniques used for and extent of surgery, and degree of SCI. It was impossible to look into the detailed medical records of each patient in this cohort, because the individual information was not available in the NHIRD. The data in the NHIRD were initially collected for billing purposes. Therefore, the actual neurological function, number of spinal segments treated, the findings during the operation, and reports of image evaluations were all unavailable. The protective effect of surgery was derived from outcomes of a mixture of various kinds of surgical approaches, including anterior and posterior, successful and failed, and instrumented fusion and decompression only. Furthermore, the study only included patients with CSM who were hospitalized. It may be supposed that there were many more patients with less severe symptoms who required no hospitalization but who should also be included for follow-up for subsequent SCI. Therefore, the risk of SCI in patients with CSM could have been underestimated. However, the results of the current study successfully demonstrated the significance of an increased risk of SCI in patients with CSM. Although the data might advocate surgery when considering management of CSM and prevention of SCI, the study did not take into account the risks and complications associated with surgery itself in these patients with CSM. Future investigations on a larger scale and with a longer follow-up period, and perhaps a true control group of "normal" patients (i.e., patients without either CSM or OPLL) are required to calculate the true hazard ratio.
The strength of the current study was the accuracy of identification of CSM-related hospitalization, surgical treatment, and subsequent SCI. Because the NHIRD data underwent rigorous internal review for the claims of the admission, cost of surgery, and socio-welfare benefit program for SCI, these inclusion criteria, intervention (surgery), and study end point (i.e., SCI) should be sound and reproducible. Moreover, the longitudinal follow-up of 10 years is invaluable for the observation of SCI. The uniquely comprehensive coverage of health care services of the entire population yielded nearly a 100% follow-up rate. Therefore, the estimated incidence rates of SCI were extremely accurate. Very few other studies could reach a follow-up rate this high, the inclusion of so many patients, and span a long enough period to catch the occurrence of SCI.
Conclusions
Patients with CSM had an overall incidence rate of SCI of approximately 0.2% per year. Male sex, the coexistence of OPLL, and conservative management are twice as likely to be associated with subsequent SCI. Surgery is therefore suggested for male patients with CSM who also have OPLL.
